Allosteric regulation and temperature dependence of oxygen binding in human neuroglobin and cytoglobin. Molecular mechanisms and physiological significance.
Two new globin proteins have recently been discovered in vertebrates, neuroglobin in neurons and cytoglobin in all tissues, both showing heme hexacoordination by the distal His(E7) in the absence of gaseous ligands. In analogy to hemoglobin and myoglobin, neuroglobin and cytoglobin are supposedly involved in O2 storage and delivery, although their physiological role remains to be solved. Here we report O2 equilibria of recombinant human neuroglobin (NGB) and cytoglobin (CYGB) measured under close to physiological conditions and at varying temperature and pH ranges. NGB shows both alkaline and acid Bohr effects (pH-dependent O2 affinity) and temperature-dependent enthalpy of oxygenation. O2 and CO binding equilibrium studies on neuroglobin mutants strongly suggest that the bound O2 is stabilized by interactions with His(E7) and that this residue functions as a major Bohr group in the presence of Lys(E10). As shown by the titration of free thiols with 4,4'-dithiodipyridine and by mass spectrometry, this mechanism of modulating O2 affinity is independent of formation of an internal disulfide bond under the experimental conditions used, which stabilize thiols in the reduced form. In CYGB, O2 binding is cooperative, consistent with its proposed dimeric structure. Similar to myoglobin but in contrast to NGB, O2 binding to CYGB is pH-independent and exothermic throughout the temperature range investigated. Our data support the hypothesis that CYGB may be involved in O2-requiring metabolic processes. In contrast, the lower O2 affinity in NGB does not appear compatible with a physiological role involving mitochondrial O2 supply at the low O2 tensions found within neurons.